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638a Wednesday, March 9, 2011a matter of debate if the translocation route taken by
colicin N is through the OmpF internal pore or via
the external protein-lipid interface. Recent electron
microscopy data from our laboratory suggests the lat-
ter route for translocation [2]. In order to re-address
this question we undertook small-angle neutron scat-
tering experiments. By using a combination of deuter-
ated OmpF and hydrogenated colicin N we were able
to define the three dimensional structure of the colicin
N-OmpF complex. This revealed that colicin N in-
serts into clefts on the outside of the OmpF trimer,
supporting the case for translocation via the protein-
lipid interface.
1. el Kouhen, R., et al., Eur J Biochem, 1993. 214(3)
2. Baboolal, T.G., et al., Structure, 2008. 16(3)
Fig1. The ab initio SANSmodel of OmpF (light grey) and colicin N (dark grey)
complex.
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Analysis of Glycoprotein Interactions with Multichannel Membranes
Luis A. Palacio, Pat DeMoss, Horia I. Petrache.
We investigate the interaction of glycoproteins (including ovalbumin and al-
pha 1 antitrypsin) with lipid membranes by using a number of physical
methods including light spectroscopy and ion current measurements. Glyco-
proteins are a class of proteins that are decorated with sugar (glycan) chains.
Most known glycoproteins have been shown to play a role in intercellular in-
teractions but the exact role of the glycan chains is still under investigation.
The ion-current measurements involve the channel forming peptide gramici-
din A (gA) which is used as a reporter. Alteration of gA activity indicates
an interaction of the added glycoprotein with the membrane. For the analysis
of such events, single channel recordings are preferable because the calcula-
tion of channel on and off times is straightforward. Obtaining single channel
events however depends critically not only on the amount of gA present in the
sample but also on the amount of the added glycoprotein. Therefore, the ma-
jority of the recordings exhibit multichannel events. We show how the multi-
channel events can be used (rather than discared) to calculate single channel
parameters. This analysis allows us to characterize the interaction of glycopro-
teins with lipid bilayers which can help elucidate the role of glycosylation in
cell signaling.
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Do Sphingolipids Control Viral Membrane Protein Activity?
John M. Sanderson, James A. Freeth, Helen K. McPhee, Harriette E. Foster.
The membrane-behaviour of the matrix (M) protein from respiratory syncytical
virus, a prototypical enveloped virus, has been characterised by surface tech-
niques (tensiometry, Brewster angle microscopy and atomic force microscopy)
and experiments using lipid bilayers
(FRET, light microscopy). Experiments
have been conducted using both model
lipid mixtures and reconstituted natural
membranes.
The protein is able to penetrate lipid
monolayers and bilayers composed of
phosphocholine/cholesterol or phospho-
choline/phosphoethanolamine, inserting
between lipid molecules. In contrast, in
the presence of sphingomyelin, the protein
exhibits a different behaviour, with a sim-
ple partitioning (i.e. penetration) at low
concentrations, replaced by peripheral as-
sociation at higher protein concentrations.
A picture emerges of specific interactions
between the protein and sphingomyelin
influencing membrane behaviout. These
findings are discussed in respect of the structure of the protein (PNAS, 2009,
106, 4441-4446), the formation of viral filaments during key stages of the in-
fection cycle and the isolation of the protein from detergent-resistant membrane
fractions.
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On the Treatment of Dynamics During Combined 2H GALA and 15N/1H
PISEMA Analysis of Transmembrane Peptide Tilt using Solid-State
NMR Data
Vitaly V. Vostrikov, Christopher V. Grant, Stanley J. Opella,
Roger E. Koeppe II.Knowledge of transmembrane alpha-helix dynamics is important for interpre-
tation of solid-state NMR observables. While precession of tilted peptides
about the bilayer normal is commonly observed, additional dynamic features,
such as anisotropic contributions from distributions of helix tilt or helix rota-
tion, have the potential to influence the analysis. Previously, we compared in-
dependent analysis of 2H-alanine (‘‘GALA’’) and 15N/1H-backbone data sets
(‘‘PISEMA’’) as constraints for determining helix tilt. Here we report combined
analysis of 2H quadrupolar splittings together with 15N/1H dipolar couplings,
using two methods to treat the dynamics, for the systematic evaluation of
several membrane-spanning peptides based on the GWALP sequence (ace-
tyl-GGALW(LA)6LWLAGA-amide), which tilt by 2
-30 in lipid bilayer
membranes.
By comparing individual and combined analyses of specifically 2H or 15N
labeled peptides incorporated in mechanically or magnetically aligned lipid
bilayers of differing thickness, we investigated the influence of data set size/
identity, and of explicitly modeled dynamics, on the average apparent orienta-
tions of the peptides. We conclude that the peptides with small (less than ~10)
apparent tilt values can be fitted by extensive collections of solutions, which
can be narrowed by incorporating additional 15N as well as 2H restraints. Con-
versely, peptides that exhibit larger tilt angles have a narrower range of distri-
butions of tilt and rotation that are consistent with the experimental data. The
resulting smaller range can then be fitted using smaller sets of experimental
constraints, or even with 2H or 15N data alone. Importantly, for the peptides
that tilt significantly more than 10 from the bilayer normal, the contribution
from rigid body dynamics can be approximated by a simple scaling factor (prin-
cipal order parameter), and the concomitant apparent peptide orientation re-
mains reasonably accurate.
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Characterization of Chain Order of an Acylated-Lactoferricin Peptide
by Solid-State NMR Spectroscopy and All-Atom Molecular Dynamics
Simulations
Denise V. Greathouse, Tod D. Romo, Alan Grossfield.
The hexapeptide, LfB6 (RRWQWR-NH2), derived from a cationic antimicro-
bial 25-residue fragment of bovine lactoferrin, retains broad spectrum activity.
The two tryptophans and three arginines are thought to promote membrane in-
teraction. Attachment of a short fatty acid to the N-terminus (C6-LfB6) further
enhances membrane binding (Greathouse, et al. 2008. J. Pept. Sci. 14:1103).
The mechanism by which antimicrobial peptides interact with bacterial cell
membranes is proposed to depend on lipid composition. Mammalian mem-
branes are comprised primarily of neutral lipids, whereas bacterial membranes
contain a significant fraction of negatively charged lipids. We have shown us-
ing all-atom molecular dynamics simulations that association of C6-LfB6 with
negatively charged membranes (3:1 POPE:POPG) begins with the arginines,
followed by the tryptophans, with the C6 ‘tails’ inserting last into the mem-
brane (Grossfield, et al. 2010. Biophys J. 98:92a). By contrast, the association
with a zwitterionic membrane (POPC) is led by the C6 tail, followed by the
tryptophans and arginines. Solid-state 2H NMR experimental results confirmed
that the lipid order parameters are not significantly changed when C6-LfB6 is
bound to negatively-charged membranes, while a slight decrease in order is
observed with zwitterionic membranes. We now present the order parameters
for a deuterated 6-carbon acyl chain (C6-d11) attached to either LfB6 or a sin-
gle glycine control. Solid-state 2H NMR results shown an increase in acyl
chain order for C6-LfB6 in POPE:POPG compared to POPC, whereas the
chain order for C6-Gly is the same in POPE:POPG and POPC. Additionally,
the quadrupolar splittings of individual methylene deuterons are resolved at
acyl chain carbons 2-4 in C6-LfB but not in C6-Gly, suggesting restricted mo-
tion for the membrane-embedded acyl-peptide. Results from all-atom molec-
ular dynamics simulations will be compared with experimental data from
solid-state NMR.
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How Transmembrane Model Peptides Affect Lipid Head Group Orienta-
tion: An Application of 14N NMR
Jacques P.F. Doux, Benjamin A. Hall, J. Antoinette Killian.
Studying interactions in lipid bilayers is not an easy task. It usually requires
complex labeling strategies to answer specific questions, but sometimes such
labels dramatically affect the subtle balance of interactions involved, especially
at the membrane interface. One of the facile routes to study lipids in model
membranes has been proposed to be 14N NMR.
In this study we used fully hydrated lipid vesicles of phosphatidylcholine,
mixed with positively charged (DMTAP) and negatively charged (DMPG) am-
phiphiles, to monitor the effect of surface charge on the orientation of the
phosphatidylcholine head group with 14N wide line NMR. The results showed
